Introduction
The gastroesophageal reflux disease (GERD) has been defined as a chronic disorder that results from the backward flow of gastroduodenal content into the esophagus and/or adjacent organs, thus causing a variable spectrum of esophageal and/or extraesophageal symptoms and signs that are followed or not by tissue damage The pneumoperitoneum is usually performed with carbon dioxide, and it is an essential resource for VLP surgery as it enables the visualization and handling of viscera during surgical procedures 3 . The installation of the pneumoperitoneum must be slow, since it causes increased intra-abdominal pressure (IAP), thus leading to deleterious effects to the cardiovascular, respiratory, renal and metabolic systems 4 . IAP increase causes the cephalic dislocation of the diaphragm, which results in the reduction of pulmonary volumes and may lead to serious cardiorespiratory complications volumes. As IAP increases, thus allowing for an adequate surgical field, trans-and postoperative complications increase proportionally 5 .
Additionally, during the surgical procedure, the abdominal viscera are manipulated and, in laparoscopic Nissen fundoplication (LNF) surgery specifically, direct diaphragmatic manipulation occurs. These factors lead to the reflective inhibition of the phrenic nerve, whose afferent route originates from the sympathetic celiac plexus or another upper abdominal sympathetic ganglion, thus promoting diaphragmatic paresis 6 .
In the postoperative period, the most frequently expected pulmonary complication is atelectasis, which occurs in 10 to 35% Those with previous pulmonary disease, history of unstable angina or myocardial infarction less than three months ago, decompensated heart failure, musculoskeletal, neurological or vascular alterations that could prevent deambulation, and resting heart rate higher than 120 bpm were excluded. In anamnesis, the patients were asked about their smoking habits, and a scale for measurement of usual physical activity was applied 9 . Weight was measured in kilograms (kg), and height in meters (m) in order to calculate the body mass index (BMI). Then, pulmonary function tests were performed (spirometry, ventilometry), respiratory muscle strength (manovacuometry) and cardiopulmonary exercise (6MWT, SCT).
Spirometry was performed by a portable Pony FX ® spirometer that had been previously calibrated. The patients remained in the sitting position, using a nasal obturator according to ATS standards 10 and South American guidelines 11 , in order to
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Ventilation was measured by a portable Wright ® ventilometer that had been previously calibrated. The patients also remained in the sitting position, using a nasal obturator and breathed calmly for one minute in order to obtain minute volume (MV) and the later estimation of tidal volume (TV) through the quotient by the respiratory rate (RR). The test was repeated 3 times, and the best result was adopted as long as a variation greater than 10% did not occur. Manovacuometry was performed by an analog Salcas ® manometer that had been previously calibrated, with a variation capacity of -200 to +200 cm of water. The patient again remained in the sitting position, using a nasal obturator 9 , in order to obtain maximal inspiratory (MIP) and expiratory (MEP) pressures.
The test was repeated 3 times, and the best value was chosen as long as divergence did not exceed 5%. The predicted values were calculated by using the equations proposed for the Brazilian population 12 .
6MWT was performed on a flat 30-meter corridor in the facilities of Bauru State Hospital, according to ATS standards 13 .
SCT was performed on shadowed stairs in the facilities of Bauru State Hospital, according to standardization by Cataneo and was measured in seconds (s) and the patients' weight was used for estimating power (SCTP) in watts (w) by using the classic formula 14 .
The intra-operative period was followed by evaluating anesthetic records and surgery descriptions in order to observe surgery time and possible intra-operative complications.
The patients were followed by the same examiner, and all the previously proposed tests were repeated in the first (PO1), second (PO2), fifth (PO5) and thirtieth (PO30) postoperative periods. Only SCT was not repeated at PO1. On each postoperative day, the patients were asked about their pain level through the analog pain scale, which ranges from 0 to 10, where 0 indicates no pain, and 10 indicates unbearable pain 15 .
The sample's general characteristics were presented by means of descriptive statistics. In all variables, except for pain, analysis of variance for repeated measures was used, followed by the Tukey method for comparison of the means at the moments.
Student's t test for dependent populations was used for the variables comparing two moments. The Friedman test was utilized for the pain scale, since the variable did not show normal distribution 16 .
A p value >0.05 was considered statistically significant. The software used to perform all the analyses was SAS (Statistical Analysis System), version 9.2. Spirometric variables were reduced at PO1 and PO2, and they were similar to PRE values at PO5 ( Table 1 ). The tidal volume did not show statistical differences at any of the studied moments, and minute ventilation showed to be increased at all postoperative moments, but such increase was only significant at one of the moments (Table 1) . Maximal respiratory pressures were significantly altered at PO1, and remained, but without significant difference at PO2 and, at PO5, they were already the same as PRE values (Table 1) . In the strength tests, it was observed that the distance covered in 6MWT showed to be significantly reduced at PO1 and PO2, but normal at PO5. The attributes of SCT (SCTt and SCTP)
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were altered at PO2, but showed similar values to those found in PRE at PO5 (Table 2) . Although pain at PO1 and PO2 was statistically significant in relation to PRE (p<0.001), it was mild to moderate pain, which was virtually absent at PO5.
Discussion
In our sample, there was a predominance of females, which was in agreement with others studies, where 69.5% and 64%, respectively, were females 17, 18 .
The mean age was 44.4 years, and this was also in agreement with the literature, as it shows increased GERD prevalence associated with age over 40 years, which primarily includes the economically active population, comprising individuals that are more subject to stress and normally related to bad dietary habits 17 ; in addition to the older population, since the ageing process promotes structural and functional modifications in the digestive system, leading to reduction in the intrinsic esophageal innervation and muscle paresis in the lower sphincter, thus increasing GERD incidence. In our sample, age variation was from 25 to 67 years; therefore, most of the individuals were within the age ranges that are more prone to GERD.
Mean preoperative BMI showed that the patients were overweight. A study observed proportionality between BMI increase and reduced functional residual capacity, decreased pulmonary complacency and increased total resistance, affecting hematosis and leading to a decreased oxygenation index 19 . Our study did not evaluate the same data as that author's, but a linear relation between overweight and the presence of more accentuated postoperative functional pulmonary loss could be observed.
Some authors found a direct association between mean surgery duration over 210 minutes and a higher incidence of pulmonary complication in the postoperative period following abdominal surgery 20 . Hence, the short surgery duration in our study may not have been sufficient to lead to important pulmonary alterations.
Postoperative pain is cited as a significant cause of ventilatory deficiency, since it limits good pulmonary expansibility, resulting in superficial breathing and tachypnea, which, in turn, contributes to atelectasis formation. Additionally, pain hinders early mobility and deambulation in the immediate postoperative period. These activities help alveolar clearance and prevent pulmonary complications 8 . In our patients, pain was significant until PO2, which showed the importance of maintaining analgesia and respiratory physiotherapy during this period so as to prevent pulmonary complications. Thus, pulmonary expansibility was not reduced, as observed by the maintenance of PRE TV at all MVV showed relevant reduction at PO1 and PO2, which was greater than that found in the literature 23 . There was a tendency to MV increase in the early postoperative period, and it was significant only at PO2. That occurred due to both TV increase and f increase at these moments because, although these differences were not isolatedly important in relation to PRE values, they resulted in a significantly higher value when multiplied. A greater demand from the organism seems to have occurred, which was probably in order to supply a greater metabolic demand in PO, contrarily to what was observed in the literature 21, 22 , where mean reductions of 20% and 18% were found for MV, and of 26% and 28% were observed for TV at PO1, thus suggesting that these variables showed reduction in PO that resulted from pulmonary complacency reduction and microatelectasis formation. Such disagreement in relation to our study may have occurred due to the fact that surgery duration was not very long or due to the intensive care provided to our patients with the purpose to prevent microatelectasis.
MOMENTS
Several studies have evaluated MIP and MEP in the postoperative period of VLP and showed important reductions in these variables ranging from 26% to 47%, respectively in the immediate postoperative period 21, 22 . In our study, smaller alteration was observed for both MIP and MEP, but it was not less relevant as regards the compromising of inspiratory or expiratory respiratory muscle strength. Respiratory muscle dysfunction is related to general anesthesia, tracheal intubation, postoperative pain and supine position in convalescence; however, the best explanation for such alteration is related to diaphragmatic paresis resulting from the reflective inhibition of the phrenic nerve 6 . There was also a concern about evaluating inspiratory and expiratory muscle strength in relation to the values predicted for the patients, and it was observed that, in PRE, MIP in percentage of the predicted value was already slightly reduced if values above 80% of the prediction were considered to be normal.
At the first two postoperative moments analyzed, reduction in 6MWT was evident, but these values tended to normalize at PO5. As observed in our sample, the 6MWT mean in the postoperative period was of approximately 500m, and this value was higher than 80% of the predicted figure 24 , which shows these patients' small probability to present postoperative complications .
In our results, power in the preoperative period was slightly higher than 200 w, and according to previous studies 14 , it would be reasonable to admit the probability that VO 2 was approximately 25 ml/kg/min, whereas for SCTt, such value was a little lower. Such difference can be explained by the patients' overweight, since power is directly proportional to an individual's body mass. Therefore, by considering the two variables, SCTt and SCTP, the PRE VO 2 mean for these patients would be approximately 25 ml/kg/min, with very low cardiopulmonary risk even for laparotomy, and even at PO2, where SCT was mostly affected; the mean VO 2 calculated by the 2 variables was not below 20 ml/kg/min, a value that still keeps surgical risk low in case reoperation is performed at these moments.
These strength tests could be used as indicators for more intense preoperative physical preparation 27 in patients showing low exercise capacity. In the group of patients in this study, there was a performance reduction of approximately 20% on the first postoperative days; therefore, in borderline patients, with high cardiorespiratory risk, contribution from physiotherapy would be important until PO5, from which these patients would already be more able to perform their routine activities.
Conclusion
Both respiratory function static tests and cardiopulmonary strength tests show significant reduction in the early postoperative period following LNF surgery, but these values are already normal on the fifth postoperative day.
